Abstract. Systematic survey for multiperiodicity in the LMC Cepheids (Moskalik, Ko laczkowski & Mizerski 2004 , 2006 ) has led to discovery of several new forms of pulsational behaviour. One of them is periodic amplitude and phase modulation observed in many first/second overtone (FO/SO) double mode Cepheids. In the current paper we present detailed discussion of this newly discovered phenomenon, based on a combined OGLE+MACHO sample of double mode pulsators.
Time Series Analysis
We searched for additional signal in the data using a standard consecutive prewhitening technique. To that effect, we first fitted the data with the double frequency Fourier sum representing pulsations in two radial modes:
A jk sin[2π(jf 1 + kf 2 )t + φ jk ].
(1)
The frequencies of the modes, f 1 and f 2 , were also optimized. The residuals of the fit were then searched for additional periodicities. This was done with the Fourier transform, calculated over the range of 0 − 5 c/d. In the next step, a new Fourier fit with all frequencies discovered so far was performed and the fit residuals were searched for additional frequencies again. The process was stopped when no new frequencies were detected.
LMC Sample
Our initial analysis was performed with DIA-reduced OGLE-II photometry (Że-bruń et al. 2001) . There are 56 FO/SO double mode Cepheids in the OGLE catalog (Soszyński et al. 2000) . In one-third of these stars we detected residual signal close to one or both primary (radial) pulsation frequencies. In all cases, however, the secondary frequencies were not resolved from the primary ones. Clearly, ∼ 1200 days timebase provided by OGLE-II data was insufficient for our purpose. Therefore, the final frequency analysis was performed with MACHO photometry (Allsman & Axelrod 2001) , which had lower precision, but offered much longer timebase (2700 − 2800 days).
The OGLE-II sample was supplemented by 51 additional FO/SO double mode Cepheids discovered by MACHO team outside the area covered by OGLE-II (Alcock et al. 1999 (Alcock et al. , 2003 . Our final FO/SO Cepheid sample consisted of 107 objects.
Results
Residual power close to the primary pulsation frequencies was detected in 37 FO/SO double mode Cepheids (35% of the sample). In 20 of these stars, which constitute 19% of the entire sample, we were able to resolve this power into individual frequencies. We consider two frequencies to be resolved if 1/∆f < 1400 days. All resolved stars are listed in Table 1 . 
Frequency Domain
Resolved FO/SO double mode Cepheids display very characteristic frequency pattern. In most cases, we detect two peaks in the vicinity of each radial frequency. They are located on the opposite sides of the primary (radial) peak and together with the primary frequency they form an equally spaced frequency triplet. In majority of cases, such a structure is detected around both radial modes. Typical example of this pattern is displayed in Fig. 1 . In two Cepheids we detect equally spaced frequency quintuplets centered on the second overtone. One of these objects is presented in Fig. 2 . Incomplete quintuplets are also seen in 6 other stars.
The secondary peaks are always very small, with amplitudes of only 15 mmag on average and never higher than 62 mmag. The separation of components in triplets/quintuplets, ∆f, is also very small and never exceed 0.00142 c/d. This corresponds to the beat period of P B > 700 day. The lower limit for ∆f (upper limit for P B ) is currently given by resolution of the data. The physical upper limit for the beat period P B is unknown.
When present around both radial modes, the two triplets/quintuplets have nearly the same frequency spacings. Specifically, the difference between the two spacings, |∆f 2 −∆f 1 | is always below 9 × 10 −5 c/d. According to simulations of Alcock et al. (2000; their Fig. 14) , for MACHO data such a frequency difference is sta- tistically consistent with no difference at all. In other words, triplets/quintuplets around both radial modes have the same frequency separation within accuracy of the data.
Time Domain
The triplet/quintuplet frequency pattern can be interpreted as a result of periodic modulation of amplitudes and/or phases of both radial modes, with common period P B = 1/∆f. In Fig. 3 we show this modulation for one of the stars. The plot has been constructed by dividing the data into 10 subsets, each spanning 10% of the modulation cycle, and then fitting radial modes and their linear combinations (Eq.(1)) to each subset separately. The resulting amplitudes and phases of the modes are plotted vs. modulation phase. Fig. 3 shows that both amplitudes and phases undergo modulation. The amplitude variability is much stronger for the second than for the first overtone (80% vs. 30% change). Minimum amplitude of one mode coincides with maximum amplitude of the other mode. Maximum phase of the first overtone occurs just before maximum of its amplitude. For the second overtone, maximum phase coincides with minimum amplitude. Characteristic pattern of periodic modulation displayed in Fig. 3 is common to all Cepheids listed in Table 1 . The phenomenon is similar to the Blazhko effect in RR Lyrae stars (e.g. Kurtz et al. 2000) . By analogy, variables of Table 1 can be called "Blazhko double mode Cepheids".
Stars with Unresolved Power Spectrum
In 17 FO/SO double mode Cepheids (16% of the sample) we find after prewhitening a significant residual power unresolved from the primary pulsation frequencies. This is a signature of slow amplitude and/or phase variability, not resolved within the length of available data (i.e. ∼ 2700 days).
For closer examination of this slow variability we have performed for each star a similar analysis to that presented in Fig. 3 . Specifically, we have divided the data into 10 subsets, each spanning 10% of the total timebase, and then have fitted Eq.(1) separately to each subset. In some stars we have detected only changes of pulsation phases, but in 10 variables we have also detected clear changes of the amplitudes. In Fig. 4 we show typical example of such behaviour. The pattern of amplitude and phase variability is very much the same as that displayed in Fig. 3 . In particular, the amplitudes of the two radial modes vary in opposite directions. This similarity suggests, that at least some of the unresolved FO/SO double mode Cepheids experience the same type of periodic modulation as Cepheids listed in Table 1 , but on timescales longer than the current data.
What Causes the Modulation ?
Periodic amplitude and phase modulation in FO/SO double mode Cepheids is by no mean a rare phenomenon. According to our analysis its incidence rate is at least 19% and perhaps as high as 35%. Any model of modulated double mode Cepheids has to explain two most basic properties of these stars:
• both radial modes are modulated with the same period.
• amplitudes of the two modes change in opposite phase: maximum of one amplitude coincides with minimum of the other.
Two models have been proposed to explain Blazhko modulation in RR Lyrae stars: the oblique magnetic pulsator model (Shibahashi 1995 (Shibahashi , 2000 and 1:1 resonance model (Nowakowski & Dziembowski 2001) . We will argue, that both these models fail to account for modulation observed in the FO/SO double mode Cepheids.
The oblique magnetic pulsator model assumes presence of a dipole magnetic field, which is inclined to the rotation axis of the star. The field introduces distortion to the radial pulsation. As the star rotates, this distortion is viewed from different angles, causing variation of the pulsation amplitude. However, in this scenario both modes should display maximum amplitude simultaneously, because they are both distorted in the same way. This is not what we observe.
The model proposed by Nowakowski & Dziembowski (2001) assumes resonant coupling of a radial mode to nonradial modes of ℓ = 1. Such a mechanism generates in a natural way a triplet of equally spaced frequencies. The beating of these frequencies causes apparent amplitude and phase modulation. Generalizing this model to coupling with modes of ℓ = 2, we can also explain frequency quintuplets. However, in this resonance model, modulation of each radial mode is an independent effect. Therefore, there is no reason why both modes should be modulated with the same period. There is also no reason why amplitude variations of the modes should be in any particular phase relation to each other (as is observed). Finally, the 1:1 resonance model does not explain why in vast majority of cases modulation is observed either in both radial modes or in none of them.
At this stage, the mechanism causing amplitude and phase modulation of FO/SO double mode Cepheids remains unknown. Nevertheless, the available observations already provide some important clues. The fact that the two modes are always modulated with the same period proves that their behaviour is not independent. Both modes must be part of the same dynamical system. The fact that high amplitude of one mode always coincides with low amplitude of the other mode strongly suggests that energy transfer between the two modes is involved. Thus, available evidence clearly points towards some form of mode coupling in which both radial modes take part.
